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A parallel-plate concurrent membrane dialysis system coupled with ultrafiltration operation 
has been investigated theoretically in this study.  The mathematical formulation for this 
dialysis-and-ultrafiltration system was developed theoretically to estimate the outlet 
concentration and the separation efficiency.  The analytical solutions were obtained by using 
Frobenius series method.  The mass-transfer efficiency improvements with varied operating 
conditions are presented graphically and compared with those in the device of dialysis without 
ultrafiltration.  The results show that the ultrafiltration operation can readily improve the 
separation efficiency of the membrane dialyser.  The urea was selected in the experiment which 
can free pass through the membrane.  Comparing to the experimental data, the theoretical results 
show the good agreement. 
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其中 Q為溶液之流率；C為溶質濃度； mV 為
超過濾通量；K為溶質總括質傳係數；θ為
薄膜篩選係數，當θ  = 1表示溶質可以自由
地通過薄膜，而當θ  < 1表示溶質會部分滯
留於薄膜表面；下標 B 和 D 則分別代表透
餘側和透析側。利用初始條件：在 x = 0處
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其中的無因次群定義為： 
Lx /=ξ , iBBB CC ,/=ζ , iBDD CC ,/=ζ ,    
iBQLWKa ,/= , iDQLWKb ,/=  KVm /=ψ , 
iBiD CC ,, /=ε                         (7) 
mV 和θ 為平均超過濾通量與平均薄膜篩選
係數。而所相對應的無因次邊界條件為 
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M    (21) 
相對於純透析操作，增加超過濾效應可使得
薄膜透析器之質傳速率增加，而其質傳改善

































質為尿素(Kokusam Chemical Works, MW = 
60.06)，而溶劑為蒸餾水，並以紫外光分光
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θ 可視為 1，而尿素之總括質傳係數 K 為
0.0261[9]。實驗中固定透析側流量為 300 
ml/min (b = 0.0133)，透餘側流量之範圍為
20 ~ 40 ml/min，而超過濾量各別為 0 
ml/min、5 ml/min及 10 ml/min (ψ = 0, ψ = 
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圖(五) 固定 θ =1下，分離效率 χ與透餘側
無因次流率 a之關係。 
 
表(一) 於固定 θ =1及 ψ =1時之質傳改善率
E% 
E % b = 0.1 b = 0.5 b = 0.9 
a = 0.2 99.93 113.21 134.31 
a = 0.4 96.39 112.32 135.13 
a = 0.6 89.61 108.86 133.73 
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The membrane dialysis system coupled with the ultrafiltration 
operation has been investigated analytically in this study as well as the 
theoretical model has been developed.  Comparing to the 
experimental data, the calculated results show that the theoretical
model is reliable.  Hence, the theoretical model of the membrane 
dialysis system coupled with the ultrafiltration operation in this study 
can be applied to predict the separation efficiency of artificial kidney.  
可利用之產業 
及 
可開發之產品 
薄膜透析系統目前主要是應用於血液透析器，而本研究中所選
用之溶質-尿素，乃是血液透析中所欲去除之人體毒素，而由實驗
證明本研究之理論模型具有一定之準確性，可用於血液透析器之理
論數值之預測。 
技術特點 
利用增加超過濾之操作增進傳統透析系統之分離效率，並建立
一套數學理論分析模型，而由實驗證明，此數學理論分析模型於各
種不同之操作條件下，皆具有相當的準確性，因此，此模型可以用
於薄膜透析器分離效率之預測。實驗與理論分析結果皆顯示增加超
過濾操作，確能有效提高分離效率。 
推廣及運用的價值
本研究所建立之併合超過濾之平板式順流型薄膜透析器之數
學理論模式，經實驗證明具有相當之準確性，可用於各種薄膜透析
器之理論數值之預測。 
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